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Topics 


■  Model-based  Systems  Development  (MBSD) 
Motivation  and  Scope 

■  System  Modeling  Using  SysML 

■  System  Model  as  an  Integration  Framework 

■  Deploying  MBSD  into  your  Organization 

■  Summary 


MBSD  Motivation  and  Scope 


Practices  for  Describing  Systems 


Moving  from  Document  centric  to  Model  centric 


Model-based  Systems 
Development  (MBSD) 


Life  Cycle  Support 


■  Formalizes  the  practice  of 
systems  development 
through  use  of  models 

■  Broad  in  scope 

-  Integrates  with  multiple 
modeling  domains  across 
life  cycle  from  system  of 
systems  to  component 

■  Results  in  quality/productivity 
improvements  &  lower  risk 

-  Rigor  and  precision 

-  Communications  among 
system/project  stakeholders 

-  Management  of  complexity 
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System  Description 

•  Document-Based  System  Engineering : 


Where  is 
truth? 


Document 

2 

A=B 


Document 

3 

A>B 


Inconsistencies  within  and  among  documents 

Model-Based  System  Engineering: 


Model  enforces  consistency 
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System  Modeling  Using  SysML 


System  Modeling 

Requirements 


Functional/Behavioral  Model  Performance  Model 


System  Model 


Engine 


Transmission 


Transaxle 


Mass 

I' 

Structural 

r 

Safety 

r 

Cost 

Model 

Structural/Component  Model  Other  Engineering 

Analysis  Models 


Integrated  System  Model  Must  Address 
Multiple  Aspects  of  a  System 


What  is  SysML?  - ^ 

■  A  graphical  modeling  language  in  response  to  the 
UML  for  Systems  Engineering  RFP  developed  by  the 
OMG,  INCOSE,  and  AP233 

-  a  UML  Profile  that  represents  a  subset  of  UML  2  with 
extensions 

■  Supports  the  specification,  analysis,  design, 
verification,  and  validation  of  systems  that  include 
hardware,  software,  data,  personnel,  procedures,  and 
facilities 

■  Supports  model  and  data  interchange  via  XML 
Metadata  Interchange  (XMI®)  and  the  evolving  AP233 
standard  (in-process) 

SysML  is  Critical  Enabler  for  MBSE 


SysML  Diagram  Taxonomy 


New  diagram  type 


par  [Block]  Straight  Lins  Vehicle  Dynamics!  Parameters  ]J 


tf :  N  tl :  % 


taf :  N 


m :  Kg 


el  :  Braking  Force 
Equation 


f :  N 


f :  N 


e2 :  Acceleration 
Equation 

a:  m/sec-2  {f=m‘a> 


a :  m/secA2 


e4 :  Distance  Equation 

{v=dx/dt} 
v :  m/sec 

x  :  m  t :  sec 


- 

- \ 

e3 :  Velocity  Equation 

v :  m/sec 

t :  sec 

{a=dv/dt} 

w _ 

3.  Requirements 


4.  Parametrics 


System  Model  as  an 
Integration  Framework 


Modeling  Domains 


Algorith 
Development 


Performance 

Simulation 


Software 

Engineering 

Design 

Hardware 

Design 

Human  System 
Integration 

Analysis 
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Using  System  Architecture  Model 
as  an  Integration  Framework 
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Using  the  System  Architecture  Model 
to  Flowdown  Reauirements 


System -of-System  Level 

•  1st  Level  Of  Decompositions 

•  How  Our  System  Contributes  to 
the  Overatf  Missioiiiir 


Mission  Concept  of  O 


■s 

System  1 
Spec 

System  2 
Spec 

Trade  Studies, 
Simulation, 

Specification  Reviews, 
etc. 


A-Soec 


Element  Level 

»  Derives  Hardware  and  Softw 
*  Allocates  Requirements  to  C 


B-Spec 


Component  Design 
&  Implementation  Level 


(from  John  Watson/LMC 
SysML  Info  Days  presentation) 


Comp  1 
Software 


Comp  X 
Software 
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System  Decomposition  Process  using  SysML 

? 


Analyze  System  Level  Requirements 


Analyze  System  Services 


Identify  the  Subsystem 


Incorporate  Additional 
Analysis  as  Needed 


Derive  and  Allocate  Requirements 
to  Subsystem 


Yes 


Continue! 


Input 


Hi 

Cue!) 

0 

( 

0 

Analyze  Subsystem  Collaboration  to 
Satisfy  the  System  Services 


Trade  Studies,  R&D, 
Simulation,  Specification 
Reviews,  etc. 


The  Subsystem  shall .... 


s 

■ST 

Complete  Subsystem  Specs 


(from  John  Watson/LMC 
SysML  Info  Days  presentation) 
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System  Architecture  Model  to 
Support  Tradeoff  Analysis 


r 

- □ - 

E 

Objective  Function 

PRC 

tr 
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y 

i 

i 

Peformance 

Reliability 

Cost 
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Integrating  SysML 
with  Simulation 
GIT*  Project 


Modelica 

Lexical  Representation 
(auto-generated  from  SysML) 


©  Excavate  rDigCycle  -  Exca  valor  Exam  pie.  Excavate  rDigCycle 


File  Edit  Simulation  Plot  Animation  Commands  Window  Help 


□CD® 


^  H  Q  J  I!  4  0 

►  ii  n  a  <\  !►  ►► 


Variable  Browser 


package  Excavator Example 


class  ExcavatorDigCycle 

Modelica. Mechanics . MultiEody . World  world; 

Excavator Example . Components . Hydraulics  hydraulics (redeclare 
Excavator Model . Subsystems . DigCycleSeq  command (startTime=0 . 1) 
Excavator Model . Subsystems . MechanicsEody  body (swing_phi_start 
Excavator Example . Interfaces .Nodes . TransNode2  node; 

equation 

connect [hydraulics .boomCylBaseL,  body . cylBoomLef tBase) ; 
connect [hydraulics .boomCylRodR,  body . cylEoomRightRod) ; 
connect [hydraulics .boomCylRodL,  body . cylBoomLef tRod) ; 
connect [hydraulics . armCylRod,  body . cylArmRod) ; 
connect [hydraulics . armCylBase,  body . cylArmEase) ; 
connect [hydraulics .bucketCylRod,  body . cylBucketRod) ; 
connect [hydraulics .bucketCylBase,  body . cylEucketEase) ; 
connect [ hydraulics . commands ignal ,  command . commands ignal ) ; 
connect [world. f rame_b,  body .baseFrame) ; 
connect [hydraulics . swingFlange,  body . swingFlange) ; 
connect [hydraulics .boomCylBaseR,  node . a) ; 
connect [node .b,  body. cylBoomRightBase) ; 
end  ExcavatorDigCycle; 

end  ExcavatorExample; 

<  JL  Jl 


[Johnson,  2008  -  Masters  Thesis] 


Georgia  Institute  of  Technology 


Variables 

lilt'hermLondLert 
;±  thermCondFlight 
iBenvSinkA 
IpenvSinkB 
E  leakage_A2Env 
(j  leakage_B2Env 

an 

I  mi2 

&■  bucketValve 
+  boomValve 
&■  boomCylL 
B-  boomCylFi 
E-  power 
□  TJnit 
p_init 

ElpcIsPump 
©circuitTank 
ElreliefValve 
EJ  accumulator 

aii 
m\2 

pressures  ensor2 
E'portP 
0p 

□  m_flow 
EjportT 


i+iportLSinit 

i±)portLS 

i±iflange_a 

■±i  shaft 

□  boom_s_init 

1.1: 

_|  amn_^_init 

0.7' 

□  bucket_s_init 

0.7- 

+  command 

V 

<  i  I  !] 

^1 

Advanced 


simulate  Model  ( 11  Excavator  Exangile .  ExcavatorDigCycle 11 ,  stopTime=2  0 ,  method= 11  dassl 11 

=  true 

Selected  object:  body. base . shape . Form 

11 


Deploying  MBSD  into  Your 

Organization 


Deploying  MBSD  as  part  of 
Improvement  Process 

MF  %  W\ 

ASSESS 


Assess  the 
state  of  your 
practice 


* 


DEPLOY 


I  ncrementally 
integrate 
changes  into 
the  current 
workflow 


4 


1 


PLAN 

Plan  the 
improvement 


* 


I  nfrastructure  &  Support 
Practices 
Tools 
Training 


PILOT 


Pilot  the 
practice  and 

^■1 

CODIFY 

Codify  the 

tailor  the 
approach 

practice 
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MBSD  Observations 


■  Transition  from  document-centric  to  model-centric 
is  a  cultural  change 

■  Well  defined  MBSE  method  is  essential 

■  Multiple  tool  vendors  provide  a  range  of  price  point, 
capability,  and  standards  conformance 

■  MBSE  training  should  include  language,  method, 
and  tools 

■  Employ  pilots  to  validate  your  MBSE  approach 

■  Need  buy-in  from  program  and  customer  on  MBSE 
benefits,  approach  and  deliverables 

■  Scope  model  to  support  program  objectives  and 
within  program  constraints 

■  A  lot  has  been  learned,  but  much  more  remains 
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Summary 

■  MBSD  is  a  key  practice  to  advance  complex  systems 
development 

■  Standards  such  as  SysML  and  UML  are  critical  enablers 
of  MBSD 

■  Multiple  tool  vendors  implementing  SysML 

■  System  architecture  model  and  standards  based 
approach  facilitate  integration  across  modeling  domains 

■  Growing  interest  and  application  of  MBSD 


Acronyms 


■  MBSD  -  Model-based  Systems  Development 

■  MBSE  -  Model-based  Systems  Engineering 

■  OMG  -  Object  Management  Group 

■  SysML  -  Systems  Modeling  Language 

■  UML  -  Unified  Modeling  Language 


